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Statement  of  Work: 

To  evaluate  known  and  prepare  new  fluorides  expected  to  possess 
controllable  gross  defects  and  determine  their  properties,  especially 
as  a  function  of  the  amount  and  nature  of  the  defect,;  and  to  perform 
an  intensive  study  of  the  mechanical,  optical  and  electrical  properties 
of  polycrystalline  aggregates  formed  under  high  pressure  and  temperature 
conditions. 


The  fundamental  character  of  the  study  was  designed  to  explore  non¬ 
oxide  materials  which  were  expected  to  have  controllable  gross  defects. 
The  exploration  was  to  delineate  several  types  of  defects  in  uncommonly 
considered  materials  and  to  demonstrate  the  feasibility  of  controlling 
some  physical  properties  by  a  chemical  control  over  defects. 


Gross  lattice  defects  were  conveniently  defined  as  those  existing  in 
concentrations  of  several  percent,  in  contrast  to  the  more  familiar 
consideration  of  lattice  defects  in  the  parts  per  million  range. 

The  following  list  summarizes  the  types  of  defects  expected: 


Type 

A.  Substitutional 

1.  Equivalent  valence; 
cations  proxy  on  a  1:1  ratio 

2.  Half-Breed  structures; 

two  cations  of  host  structure 
(e.g.  CaF2)  replaced  by  one 
cation  of  higher  electrical 
charge  and  one  of  lower 
electrical  charge. 

B.  Interstitial; 

Electrical  neutrality  maintained  by 
filling  lattice  interstices  with 
ionic  species  to  compensate  for 
valence  variations  at  neighboring 
lattice  sites. 


Example 

MgFa-(NiFa) 

CaF2-$JaYF4) 


CaF2-(YF3) 


C.  Vacancy 

1.  Anion  vacancies;  LaF3-(SrF3) 

anions  omitted  in  host  structure 

to  compensate  for  lower  cation 
charges. 

2.  Cation  vacancies;  KMgF3-(5cF3) 

higher  charged  cation  (e.g.  Sc3+) 

proxies  for  lower  valence  cation 
with  electrical  neutrality  maintained 
by  omission  of  cation  in  a  different 
site. 
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Cince  similar  gross  defects  are  known,  to  occur  in  large  molar  concentrations, 
it  was  expo  rted  that  a  systematic  study  could  demonstrate  the  proposed  method 
of  property  control  in  the  design  of  **  ;erials. 

Several  factors  influenced  the  selection  of  fluoride  systems  for  this  study* 
With  fluorides,  the  well-known  oxide  structures  can  be  easily  imitated  at 
lower  tenperatures .  Furt her  more,  they  comprise  a  class  of  compounds  possessing 
valuable  infrared  transmitting  properties.  Finally,  since  considerably  less 
work  has  been  done  on  fluorides  than  oxides,  worthwhile  contributions  to  the 
field  were  anticipated. 

Property  measurements  were  to  be  made  using  specimens  of  hot-pressed  com¬ 
positions.  These  would  be  polycrystalline  aggregates  of  the  materials 
having  intrinsic  physical  properties  very  similar  to  those  of  single  crystals. 

The  study  program  was  generally  divided  into  three  categories: 

1.  A  survey  of  systems  likely  to  demonstrate  the  various  defect  types. 

2.  The  selection  of  representative  systems  and  the  detailed  characterization 
of  the  defect  structures ^ 

3.  Preparation  of  specimens  suitable  for  physical  property  measurements  to 
compare  the  effects  of  defect  type  and  amount. 


The  first  two  annual  reports  have  illustrated  from  the  broad  survey  aspect 
that  the  principles  are  sound  and  that  all  expected  defects  do  exist  to  a 
substantial  degree.  In  addition  to  illustrating  the  applicability  of  the 
brc**d  principles,  previous  reports  have  presented  data  which  substantiate 
the  nature  of  the  defect  structures  and  help  to  characterize  them,  as 
intended  under  category  (2).  The  present  report  simplifies  the  character¬ 
ization  of  the  defects  found  in  several  of  the  interesting  systems.  In 
addition  the  principal  work  of  the  past  year  emphasizing  the  third  phase, 
i.e., acquiring  physical  property  data,  is  reported. 


II.  SUMMARY 


During  the  report  period  three  systems  were  examined  which  provided  data 
to  illustrate  three  principal  types  of  defects  under  consideration. 

Compositions  of  3  NaF*  ^TF3-CaF2,  with  up  to  1*0  mole  %  CaF2,  displayed  a 
"Half-Breed"  type  of  structure  containing,  ar  well,  interstitial  anion 
defects.  In  the  case  of  the  "pure"  half-breed  derivative  of  CaF2,  NaF»YF3, 
Ca2+  ions  have  been  replaced  by  one  monovalent  Na+  ion  plus  one  tri- 
valent  Y3+  ion.  In  the  present  study,  replacement  of  8  Ca2+  ions  by  3 
Na*  ions  plus  5  Y3+  ions  resulted  in  the  interstitial  anion- containing 
half-breed,  3  NaF*5YF3.  In  the  crystalline  solutions  prepared,  as  Ca2+ 
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ion|  were  incorporated  "back"  into  the  cubic  lattice;  i.e.,  as  the 
Ca2  ratio  increased,  the  crystal  unit  cell,  the  density,  and 

the  refractive  index,  were  observed  to  decrease* 

Compositions  of  up  to  30$  of  YF3  in  solid  solution  with  CaF2  demonstrated 
the  interstitial  anion  defect  type*  For  each  divalent  Ca‘J  ion  replaced 
by  a  trivalent  Y3*  ion  electroneutrality  was  maintained  by  the  incorpor¬ 
ation  of  one  F“  ion  into  an  interstitial  crystal  lattice  site.  In  the 
experiments  performed,  increases  in  the  unit  cell  size  and  refractive 
index  were  observed  as  YF3  increased. 

Anion  vacancies  were  produced  in  the  solid  sol^  ion  of  SrF2  in  the 
tysonite  structure  of  LaF3.  As  the  divalent  Sr  ^  ion  replaced  La3+, 
in  concentrations  of  10$  -  electroneutrality  was  shown  to  be 

maintained  by  the  omission  of  F''  ions.  The  increase  of  Sr2+  in  LaF3 
caused  a  narked  decrease  in  both  density  and  refractive  index  of  the 
material* 

Large  batches  of  some  of  the  above  compositions  were  prepared  and  hot- 
pressed  specimens  were  made  in  order  to  obtain  some  physical  property 
measurements.  Most  of  this  work  is  in  progress  and  will  be  reported  in 
the  final  summary  report. 


III.  EXPERIMENTAL 


A*  Preparation  of  materials 

The  general  method  adopted  for  preparation  of  the  materials  involved 
the  following  four  steps?  (1)  co-precipitation  of  the  mixtures  for 
maximum  homogeneity;  (2)  calcination  under  a  partial  NH3*HF  atmos¬ 
phere  to  remove  moisture  with  minimum  hydrolysis;  (3)  sintering  or 
melting  at  elevated  temperatures  under  a  N?  atmo3Dfiere  to  effect 
complete  solid  solution  formation;  (h)  milling  to  the  desired  fineness* 

The  co-precipitation  was  effected  in  polyethylene  containers.  Stoi¬ 
chiometric  quantities  of  the  desired  metal  nitrates,  in  aqueous  sol¬ 
ution,  were  reacted  with  a  h8%  hydrofluoric  acid  solution.  The  resulting 
mixture  was  evaporated  to  dryness  in  polypropylene  or  Teflon  containers 
on  a  steamplate.  After  drying,  the  batch  was  covered  once  with  h8%  HF 
solution  and  once  with  a  solution  of  $%  NH4F,  and  evaporated  to  dryness 
both  times.  The  batch  was  then  crushed  wit-h  a  heavy  Teflon  rod,  sieved 
through  a  hO-mesh  stainless  steel  screen,  and  calcined  at  £00oC  for 
1-1/2  hrs.  in  platinum  containers.  Residual  H20  and  NH4F  fume  off 
during  this  operation;  the  NH3»HF  atmosphere  permeates  the  furnace 
chamber  and  suppresses  possible  hydrolysis. 
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After  calcining,  the  batch  was  allowed  to  cool  to  room  temperature 
in  a  desiccator;  then  sieved  through  an  100-mesh  screen  in  preparation 
for  firing.  The  firing  was  effected  in  an  iridium  (or  platinum)  pot 
in  a  glass  melting  f.irnace.  The  firing  schedule  involved  placing 
tho  material  in  the  furnace  at  room  temperature,  adjusting  the  atmos¬ 
phere,  heating  to  a  given  temperature  and  holding  for  one  hour.  Air 
or  water  quenching  of  the  fired  batch  suppressed  exsolution  of  components. 

Final  processing  involved  washing  and  drying  the  batch,  crushing  the 
mass,  and  milling  in  a  high  purity  alumina  ball  irri.ll  to  -60  mesh. 

The  hardness  of  the  prepared  fluorides  made  it  imperative  that  the 
milling  be  kept  to  a  minimum  to  reduce  alumina  contamination. 


B.  Hot-Pressing 

In  order  to  obtain  fully  dense  poly crystalline  compacts  for  evaluation, 
the  sample  powders  were  hot-pressed.  A  charge  of  powder  was  compacted 
into  a  mold  which  could  be  evacuated  while  hot.  When  thermal  equilibrium 
was  established  and  gases  evacuated,  pressure  was  applied  through  a 
hydraulic  ram.  Optimum  pres sure -temperature  conditions  varied  according 
to  the  material  under  study.  First  experiments  were  made  using  6£0° C 
at  30,000  psi  with  a  dwell  time  under  pressure  of  20  minutes.  Examination 
of  the  results  led  to  adjustments  in  P-T  parameters. 

Attainment  of  the  best  results  was,  in  practice  dependent  on  the  amount 
of  material  available  for  experimentation.  Often  the  hot-pressed 
pieces  cracked  even  when  slow  cooled  in  the  mold.  No  attempts  at 
annealing  were  mads. 

The  span  of  temperatures  and  pressures  generally  used  was  6£0# C,  using 
30,000  to  68,000  psi.  In  addition,  a  few  hot-pressings  wore  attenpted 
between  900  and  1100°C  at  6,000  psi  in  a  systom  which  had  no  provision 
for  evacuation  during  pressing. 


C.  Evaluation  of  Materials 


The  optical  polarizing  microscope  wa3  used  extensively  to  examine 
materials  for  homogeneity  plus  any  observable  optical  characteristics. 
Usually  it  was  possible  to  determine  whether  the  individual  grains, 
as  well  as  the  compacts, were  isotropic.  Refractive  indices  were 
measured  using  oil  immersion  techniques.  Significant  change  of 
refractive  index  of  materials  reacted  to  homogeneity  was  one  of  the 
criteria  used  to  demonstrate  crystalline  solubility  and  hence  defect 
concentrations  where  components  were  not  of  similar  formal  formula. 

Powder  x-ray  diffraction  techniques  were  relied  upon  to  confirm 
homogeneity  and  obtain  phase  data  and  crystal  structure.  Changes 
in  lattice  parameters  plus  the  lack  of  x-ray  detection  of  expected 
second  phases  confirmed  the  occurrence  of  prepared  defect  materials. 
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The  x-ray  equipment  used  was  a  Tem-Press  XD  Model  No.  1*  Copper  target 
radiation  was  used  exclusively.  Geiger  tube  detection  was  read  out 
on  a  strip  chart  recorder.  Vari;.-/le  goniometer  drive  speed  and  ability 
to  record  high  angle  back  reflections  enabled  quite  sensitive  measure¬ 
ment  of  ?attice  parameter  changed. 

Comparison  of  nyenometric  densities  and  densities  calculated  using 
parameters  obtained  from  x-ray  data  formed  the  prima  facie  line  of 
evidence  used  in  categorizing  the  defect  materials  into  the  major 
groupings  of  ne+  vacancies  or  net  interstitials. 


IV.  REGULld 


Extensive  study  of  crucible  size  (15-25  gm)  batches  of  proposed  defect 
systems  established  both  feasibility  and  the  conditions  for  preparing 
pound-lot  quantities  of  the  solid  solutions.  Pound-lots  were  necessary 
to  achieve  successfully  hot-pressed  specimens  upon  which  to  perform  the 
proposed  measurements.  Scale-up  proved  to  be  no  routine  matter.  With 
available  equipment,  NaF-fF3-CaF2  and  CaF2-YF3  compositions  could  be 
prepared  relatively  simply,  those  of  the  system  LaP'3-SrF2  with  a  little 
more  difficulty,  and  those  of  the  systems  NiF2-MgF2  and  KMgF3-NiF2,  not 
at  all.  The  systems  receiving  most  of  the  attention  were  NaF-YF3-CaF2, 
CaF2-YF3,  and  LaF3-SrF2. 


A.  The  System  NaF-YF2-CaF2 


As  stated  in  previous  reports,  efforts  with  this  system  were  concen¬ 
trated  on  a  solid  solution  of  the  composition  3NaF«5XF3;  altering  its 
structure  through  the  puiposeful  substitution  of  C-aF2  into  the  lattice. 
Assuming  the  undistorted  fully  disordered  cubic  fluorite  structure 
tc  obtain,  the  3NaF»5YF3  solid  solution  contains  interstitial  F“  ion 
defects  at  an  average  of  one  per  unit  coll.  This  postulation  was 
verified  by  comparing  the  measured  with  the  calculated  density. 
Incorporation  of  the  Ca2+  ion  in  increasing  amount  should  suit  in 
a  proportional  dilution  of  the  interstitial  F“  ion  stuffing. 

At  20  mole  %  CaF2,  the  average  interstitial  F”  ion  defect  content  of 
the  crystal  should  be  0,8  F"  ions  per  unit  cell,  as  Ca2+  ion  assumes 
the  Na  and  Y3+  ion  positions.  Related  observed  changes  included 
contraction  of  the  unit  cell,  decrease  in  density,  and  lowering  of 
the  refractive  index. 

Batches  containing  approximately  3  lb3.  of  the  compositions  90  mole  % 
(3NaF«5YF3)  -10  mole  %  CaF2,  and  80  mole  %  (3NaF«5YF3)  -20  mole  %  CaF2, 
were  prepared  as  described.  All  were  melted,  at  1250*C,  quenched  in  air, 
and  the  mass  crushed  and  milled  to  -60  mesh.  Subsequent  spectroscopic 
analysis  revealed  slight  alumina  contamination. 


X-ray  diffraction  and  microscopic  analysis  of  the  powders,  prior  to 
reaction  at  1250*0,  indicated  considerable,  though  incomplete,  solid 
solution  formation  at  the  calcining  tempera ture. 

X-ray  diffraction  analysis  of  the  reacted  powders  at  slow  scanning 
spec  verified  the  fluorite  cubic  structure  with  nc  superstructure. 
Repeated  measurements  of  the  d-spacing  between  (111)  planes  indicated 
the  expected  lattice  contraction.  The  changes  were  small,  varying 
from  d{iii|  ®  3.176  for  the  solid  solution  containing  20  rmle  %  CaF2 
to  *=  3 « 1 83  for  the  non-CaF2  containing  solid  solution.  Measur 

merit  or  the  same  d-spacing  of  a  60  mole  %  (3NaF*5YF3 )— I4O  mole  %  CaF2 
sample  verified  the  continuity  of  the  trend,  d.^^-  being  3*1 63 
(see  Appendix,  Table  I). 

Microscopic  analysis  revealed  the  solid  solutions  to  be  composed  of 
very  homogeneous,  well -formed  grains.  Some  contamination  was 
apparent,  but  the  majority  of  this  could  be  attributed  to  Al 03 
contamination  from  i-ne  ball  mill.  The  observed  changes  in  refrac¬ 
tive  index  were  from  1  .lx 75  to  (see  Appendix,  Table  I). 

When  hot-pressed,  excellent  1 "-diameter  compacts,  well-accreted  and 
translucent,  were  obtained  at  650* C  and  68,000  psi*  j|  noticeable 
cloudy  effect  within  the  polycrystalline  aggregates  was  believed  to 
be  due  to  the  Al203contamination.  Cracking  of  the  compacts  was 
somewhat  alleviated  by  allowing  the  samples  to  cool  to  room  temp¬ 
erature  within  the  die  before  removal. 

Displacement  methods  were  used  to  determine  the  density  of  the  poly- 
crystalline  compacts.  The  results  corresponded  closely  to  the 
theoretical  values  for  the  intersti+ial  F“  defect  structure  and  are 
included  in  the  Appendix,  Table  I. 

All  of  the  compositions  within  this  system  exhibited  coloration  upon 
exposure  to  ionizing  radiation,  viz.  x-rays.  This  observation  was 
completely  qualitative,  but  supports  the  other  evidence  for  the 
existence  of  defects. 


The  System  CaF2-YF3 


In  the  system  CaF2-YF3  the  case  for  interstitial  F"  defects  is 
opposite  to  that  of  the  system  3NaF*5YF3-CaF2.  In  the  latter  system, 
the  starting  3WaF«5YF3  solid  solution  is  inherently  defective. 
Systematic  reduction  of  the  interstitial  defeat  conoem&z  ition  was 
brought  about  through  substitution  of  Ca2+  ions  into  the  Na+  and 
Y3+  ion  positions.  In  CaF2-YF3  solid  solutions,  interstitial 
defects  were  created  when  F"  ion  was  "stuffed"  into  the  lattice  to 
maintain  electrical  neutrality  as  the  higher  valency  Y3+  10ns 
replaced  the  Ca2+  ions  in  the  lattice.  Proportional,  increases  in 
the  unit  cell  size,  density,  and  refractive  index>were  expected  with 
increasing  YF3  content. 
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Bat  dies  containing  approximately  3  lbs.  of  the  compositions  90  mole  % 
Ca?2-10  mole  %  YF3  and  80  mole  %  CaF2-20  mole  %  YF3  were  prepared  as 
described.  Reaction  under  N2  was  effected  at  1300*0,  followed  by  a 
water  quench.  As  with  the  NaF-YF3-CaF2  materials,  milling  to  -60 
mesh  in  an  alumina  mill  introduced  slight  alumina  contamination. 

X-ray  diffraction  and  microscopic  analysis  of  the  above  samples,  of 
CaF2,  and  of  a  previous  crucible-size  batch  of  ?0  mole  %  CaF2-30  mole  % 
YF3,  verified  solid  solution  formation.  As  expected  the  refractive 
index  changed  progressively  from  1  .Lt3k  (CaF2)  to  1 .1*3  over  the  series. 
The  unit  cell  size  increased  from  a  =  $»b6h  a  to  5.5>23  A  (see  Appendix, 
Table  I).  These  3did  solutions  also  exhibited  coloration  upon  x-ray 
irradiation. 

Well-accreted,  1"  diamt^er,  polycrystalline  compacts  were  hot-p. essed 
at  6^0° C  and  68,000  psi  pressure.  Density  values  of  these  samples 
compared  favorably  with  the  calculated  "ideals"  and  are  presented 
in  the  Appendix,  Table  I. 


C.  The  System  LaF3-SrF2 


The  phase  LaF3  gives  its  own  mineral  name,  tysonite,  to  a  family  of 
compounds  in  which  the  laser  industry  has  shown  considerable  interest 
recently.  To  our  knowledge,  no  one  has  previously  reported  large 
dafect  concentration  in  the  tysonite  structure.  In  our  study  of  the 
system  LaF3-SrF2,  where  the  hexagonal  LaF3  is  the  host  mat-nix,  it 
was  believed  that  ion  for  ion  replacement  of  La3+  by  Sr2+  would 
result  in  the  creation  of  an  anion  vacancy  defect  system.  Although 
lattice  contraction  and  decreases  in  density  and  refractive  index 
with  increasing  SrF2  content  could  be  expected,  the  linearity  of 
such  a  change  could  not  be  predicted  due  to  the  differing  crystal 
structure  of  the  end  members.  For  this  same  reason,  complete  solid 
solution  formation  was  not  to  be  expected. 

For  studies  in  this  system  bat ches  containing  approximately  3  lbs. 
of  the  compositions  80  mole  %  LaF3-20  mole  %  SrF2  and  90  mole  % 
LaF3-10  mole  %  SrF2  were  prepared.  Calcination  at  500° C  yielded 
corrplete  solid  solution  formation  of  the  90  mole  $-10  mole  %  SrF2 
composition  and  partial  solid  solution  formation  of  the  80  mole  % 
LaF3-20  mole  %  SrF2  composition.  This  i3  the  first  confirmation  ?-f 
a  grossly  defective  tj^sonite  phase.  High  temperature  reaction  to 
complete  solid  solution  formation  of  the  letter  was  not  attempted 
because  of  its  tendency  to  oxidize  to  LaOF.  Furthermore,  it  was 
hoped  that  the  combination  of  temperature-pressure  applied  during 
hot-pressing  would  dissolve  the  excess  SrF2. 

Refractive  index  measurements  and  x-ray  diffraction  analysis  verified 
the  Single  phase  nature  of  the  90  mole  %  LaF3-10  mole  %  - rF2  solid 
solution.  Undissolved  SrF2  was  detected  both  microscopically  and 
by  x-rays  in  the  20  mole  %  SrF2  composition.  The  mean  refractive 
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index  changed  from  1.590  to  1.566  for  the  20%  member  and  1.57k  for 
the  10^  composition.  It  should  be  noted  that  the  lattice  parameters 
hardly  change  in  these  concentrated  solutions.  Prom  the  phase  and 
refractive  index  data  the  limit  of  the  solid  solution  can  be  set  at 
about  15$.  No  coloration  upon  x-ray  irradiation  was  observed  for 
either  composition. 

Hot-pressing  at  650° C  and  68,000  psi  pressure  yielded  excellent 
1''-diameter  conpocts.  In  the  case  of  the  10  mole  %  Sr F2- containing 
solid  solution  these  were  well-accreted  and  transparent.  General 
cloudiness  of  the  20  mole  %  SrF2  sample  was  partially  attributed 
to  light  scattering  by  the  undissolved  SrF2  phase. 


D.  Ihe  System  MgF2-NiF2 


Repeated  efforts  on  a  crucible  size  basis  to  prepare  defect  solid 
solutions  of  MgF2»NiF2  without  significant  oxidation  wert-  not  fruitful. 
A  final  ptoemp  was  made  by  buying  custom  sits  of  two  compositions 
in  5-lb.  quantities  from  a  commercial  supplier. 

By  so  doing  large  competent  facilities  -fere  made  available  and  it 
was  hoped  that  at  least  sizeable  chunks  of  homogeneous  material 
could  be  recovered,  lie  fi.-st  at*-*— >t  was  fired  in  vacuum  *nd  the 
whole  charge  was  lost  in  the  vapo.  ^uase.  A  second  attempt  will  be 
made  by  firing  under  dry  nitrogen. 


V.  CONCLUSIONS 


Three  types  of  defects  have  been  described  and  were  found  to  exist  in 
high  concentration.  These  defects  were  exemplified  by: 

a.  Tho  system  3NaF*5YF3-CaF2  (The  Half-Breed  Defect  Type) 

b.  The  system  CaF2-YF3  (The  Interstitial  Anion  Defect  Type) 

c.  Tlie  system  LaF3-SrF2  (The  Anion  Vacancy  Defect  Type) 


The  existence  and  nature  of  the  defects  were  characterized  by  documentation 
c "  several  physical  measurements  such  as  density,  refractive  index,  and 
x-ray  determined  lattice  parameters. 

In  addition  to  the  preparation  of  "test-tube”  amounts  of  material,  large 
batches  were  prepared  and  experiments  in  hot-pressing  significant-sire 
specimens  of  selected  compositions  were  conducted.  Resulting  poly¬ 
crystalline  ingots  were  used  in  attempting  some  of  the  measurements  of 
physical  properties.  A  previously  described  system,  MgF2-NiF2,  displaying 
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the  substitutional  defect,  was  included  in  attempting  large  batch 
preparation,  but  no  successful  preparation  was  available  within  the 
report  period, 

Mapy  of  the  preparations  are  currently  being  examined  for  meaningful 
physical  property  data^  A  request  for  contract  extension  to  1  April  1965 
was  made  to  cover  this  work  in  progress.  Results  of  the  current 
investigations  will  be  reported  in  the  final  summary  report. 


APPENDICES 
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TABLE  I 

Summary  of  Observed  Physical  Properties 


Composition 

Lattice 
Spacing;  cj11n 

a(A) 

Density 

Calculated  Measured 

Refractive 

Index 

3NaF.?YFs  ss. 

3.183 

5.5il* 

U.2U 

h.2 

1.1*75 

9(3NaF*5YF3) 

1  CaF2  ss. 

3.178 

5.501* 

1*.11* 

i*.l 

1.1*63 

8(3NaF»5YF3) 

2  CaF2  ss. 

3.176 

$.502 

U.03 

l*.o 

1.1*65 

6(3NaF«5YF3) 

It  CaFa  ss. 

3.163 

5.119 

3.85 

1 .1*1*1* 

CaF2 

3.151* 

5.1*61* 

3.18 

3.17 

1 .1*31* 

9CaF2 

TYF3  ss. 

3.167 

$.m 

3.1*2 

30 

3.1*0  * 

1.1*5 

8  CaF2 

2YF3  ss. 

3.183 

5.5 1J4 

3.63 

3.6 

1.1*7 

7CaF2 

3YF3  ss. 

3.189 

5.523 

3.88 

1.1*8 

LaF3 

5.93 

5.91 

1.590 

9LaF3 

1SrF2 

(Anion  Vacancy) 
(Interstitial  Cation) 

5.71 

5.91 

5.73 

1.571* 

8LaF3 

2SrF2 

(Anion  Vacancy) 
(Interstitial  Cation) 

5.50 

5.89 

5.60 

1.566 

*  Hot  pressed  at  1l50*C  and  1*,000  psi 
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TABLE  II 

Reaction  Data  for  the  System  NaF-¥F3-CaF2 


Sample 

Sample  History 

Reaction 
Time /Temp • 

Remarks 

NaF»YF3 

Crucible  size  sample.  Mech. 
mixed;  quenched  in  air  after 
reaction  under  N2  in  gold  tubes 
and  piatinum  crucibles. 

1/2  hr. 
700°C 

Well  sintered.  Good 
grain  quality  and  homo¬ 
geneity.  Strongly  bi- 
refringent;  n-1.ii7-1.U8. 
Incompletely  reacted; 
mainly  hex.  NaYF4 

1/2  hr. 
800°C 

Granular.  Good  grain 
quality;  nen-homogeneous. 
Strongly  birefringent. 
Mixture  ■  f  hex.  and 
Fluorite  cubic  phases. 

1/2  hr. 
900°C 

Sintered-granular.  Fair 
grain  quality;  non-homo- 
geneous.  Strongly  bi¬ 
refringent.  Mixture  of 
hex.  and  cubic  phases. 

1/2  hr. 
1000*C 

Fused.  Fair  grain  quality 
and  homogeneity.  Strongly 
birefringent.  Mixture. 

1/2  hr. 
1100°C 

Fused.  Good  grain  quality; 
poor  homogeneity.  Weakly 
birefringent.  Mixture  of 
hex.  and  cubic  phase. 

9NaF*YF3 

TCaFs 

Crucible  size  sample.  Mech. 
mixed;  quenched  in  air  after 
reaction  under  N2  in  gold 
tubes  and  platinum  crucible. 

1/2  hr. 
700°  C 

Well  sintered.  Fairly 
good  grain  quality  and 
homogeneity.  Strongly 
birefringent.  Incompletely 
reacted  mjucturej  mostly 
hex.  NaYF 

1/2  hr. 
800°C 

Granular.  Good  grain 
quality;  poor  homogeneity. 

Strongly  birefringe’  ,t. 
Incompletely  reacted 
mixture,  mostly  hex.  NaTF4 
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TABLE  IT  (Continued) 


n 

A.  ... 


Gamnle  History 

.  t„  —  ■  — ■■  .. 


Reaction 
Time /Temp , 

1/2  hr. 

900  c‘C 


1/2  hr. 
1000°  C 


1/2  hr. 
1100’C 


Remarks 


Sintered-granular.  Good 
grain  quality;  fair  homo¬ 
geneity.  Strongly  hire- 
fr  ingent.  mixture. 

Fused,  Good  grain  quality, 
Non-homogeneous;  strongly 
bi re  f r i ngent ,  Hixt ure 
mostly  hex.  phase. 

Fused,  Good  grain  quality; 
poor  homogeneity.  Weakly 
t  Ire  fr  i  nrrent ,  Fixture 
cubic  and  hex.  nhase. 


3NaFv‘?YF3  Crucible  size  bate’;.  - 

nrecini  t..  tod  ■<■>'  cni  c?ncf3 
at  VJ 0°o,  ’ic'/C1  It'  -old 

tubes  and  ’  1  r  1  :i ;  m  ornci  bio 
under  .  none  hid  in  air. 


l/?  hr.  d>l.  sintered.  Poor  erain 

700° 0  oua'’ ityj  non-b.or  oeoneous . 

TncoimVl.ololy  r  °cted 

mixture. 


1/2  hr. 
200°  C 


l/2  hr. 

900  °C 


1/2  hr. 
Uf-C  V. 


1/2 


Well  sintered.  Foor 

grain  quality;  non- 
homogeneous.  No  bire¬ 
fringence.  Incompletely 
reacted. 

Well  sintered.  Poor  grain 
quality:  non-homogencous . 

Ho  birefringence.  In¬ 
completely  reacted. 

'ell  sintered,  Fair-mood 

•rain  quality.  Ton-hcr.o- 
•oncous .  do  birofri  ngence , 
n*1 ,  1 7 .  ;  r.co’r  •■lot civ 
reactndj  mostly  cubic  phase. 

Fused.  Fair-good  arain 
quality  and  homogeneity, 
n-  i  Ji7,  A  fe"  birefringe nt 
n  r tic! os  disccrnablc, 
mostly  cubic  phase  with 
si.  hex.  chase  nresent. 
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Sar?£le 

9(3NaF-5YF  ) 
1CaF2 


8(3NaF.5YF3) 

2CaFa 


TABLE  II  (Continued) 


Reaction 

Sample  History  Time /Temp, 

Crucible  size  batch.  Co-  1/2  hr. 

precipitated  and  calcined  700°C 

at  li£0°C.  Reacted  in  gold 
fubes  and  platinum  crucible 
under  N2,  Quenched  in  air. 

1/2  hr. 

SCO°C 


1/2  hr. 
900°  C 


1/2  hr. 
1000°C 


1/2  hr. 
1100°C 


Remarks 


51.  sintered.  Poor  grain 
quality  and  homogeneity. 

Si.  birefringence. 
Incompletely  reacted. 

Mostly  cubic  phase. 

Well  sintered.  Poor 
homogen-ity;  fair  grain 
quality.  No  birefringence. 
n=1  J;5-1  .ii7.  Incorpletely 
reacted  mixture;  mostly 
cubic  phase. 

Well  sintered.  Fair  grain 
quality;  poor  homogeneity. 

No  birefringence.  n=1 .U5- 
1.1i7.  Incompletely  reacted 
mixture f  mostly  cubic  phase. 

Strongly  sintered.  Fair 
grain  quality;  poor  homo  - 
geneity.  No  birefringence. 
Incompletely  reacted; 
mostly  cubic  phase. 

Fused.  Good  grain  quality 
and  fair-good  homogeneity. 

A  few  birefringent  particles 
discernable.  Mostly  fluorite 
cubic  phase  with  slight  hex. 
phase  present.  n~1,h7. 


Crucible  size  batch.  Mech, 
mixed  and  reacted  under  N 
in  gold  tubes  and  platinum 
crucible.  Quenched  in  air. 


1/2  hr. 
700°C 


l/2  hr. 
800°C 


Very  si,  sintering.  Fair 
grain  quality;  poor  homo¬ 
geneity.  Strongly  bire¬ 
fringent.  Incompletely 
reacted  mixture. 

Si.  sintering.  Poor  homo¬ 
geneity.  Much  birefringence 
but  weak.  Incompletely 
reacted  mixture. 


TABLE  II  (Continued) 


Reaction 


Sample 

Sample  History 

Time /Temp. 

Remarks 

1/2  hr. 
900°C 

Granular.  Fair  grain 
quali ty;  poor  homo- 
geneity.  31.  birefrin¬ 
gence.  Mixture  cubic 
and  hex.  phases. 

1/2  hr. 
1000°C 

Sintered-granular.  Fair- 
good  grain  quality;  poor 
homogeneity.  Very  si. 
birefringence.  Mixture 
mostly  cubic  phase  with 
si.  hex.  phase  presen4’. 

1/2  hr. 
1100°C 

Fused.  Good  grain  quality; 
fair  homogeneity.  Very  si. 
birefringence.  Mostly 
cubic  phase. 

3NaF*5YF3 

Crucible  size  batch.  Co¬ 
precipitated  and  calcined 
at  1*00° C.  Reacted  under  N2 
in  a  platinum  crucible  and 
quenched  in  air. 

0  0 

Fused.  Glassy  clear  boule. 
Yellowish;  excellent  grain 
quality  and  homogeneity. 

No  birefringence;  n=1.1i7. 
Fluorite  cubic  ss. 

9(3NaP*5TP3) 

TGaF2 

Crucible  size  batch.  Co¬ 
precipitated  and  calcined 
at  iiOO°C.  Reacted  under  Ng 
ar.d  quenched  in  air. 

1  hr. 

1050- 

1060°C 

Sintered  -  fused.  Milky 
white  appearance.  Good 
grain  quality;  n=1 ,U6— 

1.U7. 

1/3  hr. 

1 200°  C- 

Fused.  Glassy  clear  boule 
of  excellent  grain  quality 
and  homogeneity.  A  very 
few  birefringe nt  particles 
discernable.  n=1  .jU6— 1  ,ii7. 

NaF»YF3 

Crucible  size  batch  co¬ 
precipitated  and  calcined 
at  1^00°  C.  Reacted  under  N2 

1/2  hr. 

1 200°C 

Mat'l.  opaque  white. 

Good  grain  quality;  some 
birefringence.  Appeal's 

in  a  platinum  crucible  and  to  be  mixture  of  cubic 

quenched  in  air.  and  hex.  phases. 
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T.A  RLE  II  (Continued) 


Sample 

Sample  History 

Reaction 
Time /Temp. 

Remarks 

3”aF*5YF3 

9(3’<aF*5>YF3)  j 
1  CaF2 

i  Crucible  size  sample  co-  ^ 

;  pr>-  ipitated  and  calcined  A 

1  at  ^OG°C.  Reacted  under  N2  I 
and  auenched  in  air.  / 

>  V 

1  hr. 

1 200*0 

Clear  yellowish  boule. 
Excellent  grain  quality 
and  homogeneity.  No  bi¬ 
refringence.  n=1.R7* 

n  =  1 .1+6—1  ,h7 

8(3NaF«^YF3) 
2Ca  F2 

)  J 

n  =  1  ,lt6-1  ,h7 

8(3NaF«5YF3) 

2CaF2 

Co-precipitated  and  calcined 
at  1j5>0oC.  Reacted  in  a  pt. 
crucible  under  N2  and  cooled 
slowly  to  room  temperature 
to  check  exsolution 

1/2  hr. 
1150°C 

No  exsolution  discernable. 
Good  grain  quality  and 
homogeneity. 

6(3NaF»5YF3) 

^CaF2 

Mechanically  mixed  and 
reacted  in  air.  Quenched  in 
air.  Pt.  crucible  used. 

9  min. 
1250°C 

Fair-good  general 
appearance  under  n 
liquids .  n*1 . W*  ,^>prox. 

3NaF’5YF3 

3-lb.  batch  prepared  by  co¬ 
precipitation  and  calcination 
at  U50°C.  Reacted  under  N2 
and  quenched  in  air.  Milled 
in  A1203  mill. 

before 

high 

te/ip. 

reaction 

Appears  homogeneous.  51, 
ss.  formation.  Hex.  plus 
YF3  phase. 

12$0°  C 

Fused.  Good  grain  quality 
and  homogeneity.  SI.  con¬ 
tamination  apparent.  XRD 
indicates  complete  ss. 
Fluorite  cubic  phase  of 

n-1.U75. 

9(3NaF.$YFa) 

1CaF2 

3-lb.  batch  prepared  by  co¬ 
precipitation  and  calcination 
at  ij5>0°C.  Reacted  under  N2 
and  quenched  in  air.  Milled 
in  A1203  mill. 

before 
high 
t  emp  . 
reaction 

Appears  homogeneous.  Si. 
ss.  formation.  Mixture  of 
hex.  and  cubic  phases. 

-  16  - 


TABLE  II  (Continued) 


Sample 


Sample  History 


Rea ction 

Tima /Temp.  Remarks 


1250°C  Fused.  Good  grain  quality 

and  homogeneity.  SL.  con¬ 
tamination  apparent. 
Fluorite  cubic  ss. 
n=1 .1*65. 


8(3NaF»£YF  )  3-lb.  batch  prepared  by  co-  before 

2CaF  precipitation  and  calcination  high 

at  lj.50*C.  Reacted  under  N2  temp, 

and  quenched  in  air.  Milled  reaction 

in  AI2Q3  mill* 


1250°C 


Appears  homogeneous.  SI. 
ss.  formation.  Mixture 
of  cubic  and  hex.  phase*  . 


Fused.  Good  grain  quality 
and  homogeneity.  Some 
contamination  apparent. 
Fluorite  cubic  ss.  of 


n=1 .1*65. 
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TAHLE  III 


Reaction  Pat  a  for  the  System  CaF2-YF3 


Sample 


Sample  History 


Reaction 

Time /Temp.  Remarks 


8CaF2 

2YF3 


Crucible  size  batch.  Kech. 
mixed  in  alcohol.  Reacted 
under  N2  in  a  platinum 
crucible  and  quenched  in 
air. 


1  hr.  Sintered}  white.  Very 

1200#C  good  grain  quality.  Non¬ 

homogene  ous}  appears  to 
contain  si.  unreacted  YF3 


8CaF2 

2YF3 


Crucible  size  batch.  Co¬ 
precipitated  and  calcined 
at  ^00® C.  Reacted  under  N, 
in  a  platinum  crucible  am 
quenched  in  air. 


1  hr.  Fair-good  grain  quality 

1090-  and  homogeneity.  n^1.1i7. 

1100°C  SI.  YF3  appears  to  be 

present. 


1/2  hr  . 
1300° C 


1  hr. 
1300*C 


Good  grain  quality  and 
homoge  neity.  n=1 • U7 . 


9CaF2 

1YF3 


7CaF2 

3YF3 


Crucible  size  batches.  Mech. 

mixed  in  alcohol.  Reacted 

under  N2  in  platinum  crucible.  1  hr. 

Quenched  in  air.  1300°C 


Excellent  grain  quality 
and  homogeneity.  No  bi¬ 
refringence.  n=1.ii5>. 

Excellent  grain  quality 
and  homogeneity.  n=1.li8. 


6CaF2 

1*YF3 


Fused.  Translucent;  very 
hard.  Good  grain  quality 
and  homogeneity.  Very  si. 
birefringence  iiscernable. 
n«1.ii9-1,!>0. 
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TABLE  III  (Continued) 


React?  on 


ianple 

Cample  History 

Time/Temp. 

Remarks 

9CaF2 

tyf3 

3~lb.  batches.  Co-precipitated 
and  calcined  at  fOO°C.  Reacted 
under  N2  in  a  platinum  pet  and 
quenched  in  H20.  Milled  in  an  { 
alumina  mill. 

i 

| 

/  before 
high 
temp, 
reaction 

1 

Some  solid  soln. 
formation. 

V  1300° C 

Good  grain  quality  and 
homogeneity.  n=1.U5. 

8&F,a 

2YFj 

j 

r  before 
|  high 
temp  . 

|  reaction 

Some  solid  soln. 
formation. 

. 

v  1300°C 

Good  grain  quality  and 
homogeneity.  Fluorite 
cubic  ss.  of  n  =  1.1*7* 
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:able  iv 


Reaction  Data  for  the  System  LaF3-SrF2 


Sample 

8LaF3 

2SrF2 


9LaF3 

1SrF2 


8LaF3  \ 
23rFa 


Sample  History 


Reaction 

Tjne/Tsmp.  Remarks 


Crucible  size  batch.  Co¬ 
precipitated  and  calcined 
at  i£0°C. 


Mat’ 3.  looks  very  good. 
Good  grain  quality  and 
homogeneity.  Very  si. 
birefringence  discernable. 
n=  1 .565. 


Reacted  under  W2  and 
quenched  in  air. 


3-lb.  batches  co¬ 
precipitated  and 
calcined  at  50C*C. 


3 Ai  hr. 
800°C 


Fair-good  grain  quality 
and  homogeneity.  SI. 
oxidation  discernable. 


1/2  hr.  SI.  sintered.  Weakly 

830°C  birefringent.  Si. 

oxidation  apparent. 

1/2  hr.  Sintered.  SI.  birefringence 

1000°C  discernable.  Sl.  oxidation. 


[  1/2  hr.  Sintered.  Poor  grain  quality. 

■  1100°C  SI.  birefirngence.  Si. 

oxidation. 


Very  good  homogeneity 
and  grain  quality.  No 
free  SrF2  discernable. 
n=  1.57lt. 

Good  grain  quality  and 
homogeneity.  Al.  amt. 
of  free  SrF2  discernable. 
n=1 .566. 


8  5  LaF3  Crucible  size  batch.  Co- 

1.5  3rF2  precipitated  and  calcined 

at  u5o°-5oo°c. 


Good  grain  quality  and 
homogeneity.  Sl.  amt. 
of  free  SrF2  discernabla. 
n=1 .568. 
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